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4D Seismic Design

Considerations:
1- Repeat with the same Bin
2- Same offset and azimuth di

3- Finally : for a reasonak
repeat survey with th




General recipe for 3D survey design

(assuming P-wave survey, orthogonal geometry)(Vermeer)

Establish objective of survey Determine line intervals

Make inventory of existing knowledge in offset
the area of interest Determine ge
Select type of geometry to be used satisfy all

Identify main targets and required fold in
each target

Establish resolution requirements
Establish representative velocity fu

Establish maximum stretch fa
function

Establish maximum
Determine spati



Acquisition parameters for AVO (Castagna,2000)

Designed for high pre-stack S/N

Large dynamic range (noise suppression)
High bandwidth

Small spatial sampling increment
Consistent source signature
Wide aperture for imaging
Wide angle distribution
Azimuth distribution (wid
Short arrays or poi

Regular geo




Background Information

Geology of area (surface, subsurface and structural condition as layers dip a
Terrain conditions (topographic, permit ...)

Frequency contents (max and dominant) in the targets and re
Velocity and velocity as a function of depth
Objective of acquisition (image, reservoir stud

Full fold Image zone for structural or res
calculating migration aperture and

Seismic data (raw shots for
and both for controllin

Technical part



Migrated dipping event for different trace spacing

Kirchhoff migrations of
the zero offset sections
on the previous slide
with trace spacings
annotated

(Courtesy PGS)




Ray tracing method
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Pattern B — Stack (35m)

Time (ms)
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Pattern D — Stack (90m)

Offset (m)
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Conventional marine streamer acquisition result
//10 m tow depth, 40 m crossline, 12.5 m inline,
Calvert et al, 2003 SEG

A B
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High-resolution result
5/5-m tow depth, 12.5 m crossline, 6.25 m inline

New Time




Mute function determines maximum
offset as a function of time
X Xg, LMOS
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Max and min offset (3D survey) - example
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Maximum offset

Is near surface important?

Xmax for Vrms=3000 m/s , Z=400 m

Xvax - Deepest target
12000

1 V+ Vs 1) 11000
XMax — EZ(V Y 10000
S

9000
8000
7000

V : rms velocity 6000

R 5000
Vs : surface velocity 4000

3000
2000
1000
0
500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000

Surface Velocity




area to be mapped 7
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Targets
Depth (m)
189.74
296.5
357
441.5
478.5

Formation Top

Top of log data
PAKOWKI
MILK RIVER
COLORADO SHALE

MEDICIN HAT SANDSTONE




Top of Pakowki and Medicine Hat Formations




3D View for Pakowki, Medicin Hat, 2WSPK

—

View From East View From West




Frequency analysis on the whole seismic section
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Well log data and synthetic seismogram
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Velocity as a linear function of depth

Vp (NCO ET AL Countess) Vp (CVE 7B Countess)
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Bin size for the shallow target with 80Hz max frequency (left

diagram) and for the deep target with 65Hz (right diagram)

Bin Size
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Migration Apron

Migration Aperture

Zero Offset Position

Migration distance Xv 1400

1200

Depth to Target : 700
1000

800

Xc

Migration Aperture

200

0 10 20 30 40 50 60 70 80 90
Dip Angle




Design parame




Suggested Options

Option A Option B
Parameters
Bin size 5 5 7.5m
Receiver interval 10 10 15m
Receiver line interval 100 50 60 m
Shot interval 10 10 15m
Shot line interval 100 50 75 m
Total Survey area 1000*1000 500*500 1020*975 m
Maximum Offset 1407 1407 m

14 10.6 m

minimum offset
Largest minimum offset
Maximum fold 83
The highest fold (pp)
Maximum inline offset
Maximum xline offset

Aspect ratio
Total shots

Total live geophones

85.5m
221
221
1020
975

95.50%
952
1170




Acquisition Pattern

Option A Option B

Easting (X)
0 200 400 600 800 1000

Easting (X)
0 200 400 600 800 1000

10

800

600

Northing (Y)

400

200




PP fold-All offset and azimuth ranges
Option A Option B -

-1000

ing (X)
600 800 1000

Northing
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Fold increasing rate, Fold Taper

Option A
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Offset redundancy

Option A
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PP fold-For 0-700 m offset

Option A Option B
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PS fold map for 400 m depth, (hon-asymptotic
method)

Option A Option B
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Azimuth distribution
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Redundancy
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Offset redundancy for PS wave

Bin Number Bin Number

152x24 102x49 52x74 2%99 154x123 104x148 54x173 414 70x3 105x45 961 44576 79x91 114x106 18x122




2D Model

Formation Top|Depth (m)
PAKOWKI 296.5
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PP synthetic row shot (ray tracing
method,100 shots,134 traces)
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Acquisition footprint

79 78 79 78 78 79 7 78 78 79 78
196 36 178 17 166 161 156 151 146 136 131 127 122

LMOS Effect, No Data zone or low fold

1 Low fold
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conclusion

Option A has a better resolution because of sir
size, also it has higher fold for 0-700 m offse
core.

Option B has a better total fold ¢
small and increases fast so ir
better in the margins.

less than option A, &
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